Different atmospheric pressure and ambient temperature of different altitude affect the dynamic performance of vehicle. Subject to laboratory conditions, this paper builds a simulation model of a commercial vehicle based on GT-Power software to study the dynamic performance of a commercial vehicle at different altitudes by acceleration time, maximum gradability and maximum speed of vehicle evidently. Advanced turbocharging technique was deemed to be effective measure to improve dynamic performance of vehicle.
Introduction
China is a country with a vast territory and complex terrain. It has the largest plateau area in the world, and the area with an elevation of more than 1000 m occupies about 58% of the total area of the country. The high altitude area has bad environment, poor traffic conditions, and the vehicle's dynamic decline is obvious. In order to maintain good dynamic performance of the vehicle in high altitude area, it is necessary to improve the adaptability of the vehicle.
Current researches almost focus on the high-altitude engines and heavy-duty diesel vehicles' dynamics and economy. Liu Shengji [1] simulated the combusting regulation and economic impact of diesel engines under atmospheric pressure and ambient temperature at different altitudes using a high-altitude environment test bench and explored the changes of oil-gas mixture processes in F. R. Liang, L. S. Zhang high altitude environment through simulation models. K Han et al. [2] established a turbocharged diesel numerical model based on the neural network combustion model, adjusting the fuel injection parameters (such as fuel injection time) at different altitudes to improve engine dynamics. Zhou Guangmeng et al. [3] qualitatively analyzed the effect of the engine's effective thermal efficiency and circulating fuel injection rate on the vehicle's dynamic performance under high-altitude environmental conditions based on various dynamic index calculation formulas. Xie Shaofa [4] applied the engine, the power of which is improved, to the whole vehicle test at a certain altitude, increased the rear axle speed ratio at the same time, finally reduced the fuel consumption of the whole vehicle and improved the acceleration performance. However, there are fewer researches on the performance of vehicles at all altitudes. In view of the problems such as single-altitude conditions of high-altitude vehicles and the long cycle cost, we study the variation of dynamical indexes under different altitudes and optimize the dynamic performance of cars by the forward dynamic simulation, which simulates the atmospheric environment under different altitudes based on the GT-Power platform.
The Establishment of a Vehicle Simulation Model
First of all, engine models should be set up in GT-Power, including the modules of cylinder, intake and exhaust pipe, crankshaft, injector, intake and exhaust valves and so on. The engine takes the Weber and the woschni as the combustion model and heat transfer model respectively. Then the engine module is connected with the body, transmission system, tires and other modules to establish the vehicle model shown in Figure 1 ; the vehicle parameters are shown in Table 1 ; the simulation of the vehicle's various dynamic performance indicators are shown in Table 2 .
According to Table 2 , the maximum vehicle speed deviation is 2.3%; the maximum climbing grade deviation is 4.8%; and the 0 -400 m acceleration time deviation is 4.4%. The maximum deviation is less than ±5%. Therefore, this model is suitable for the simulation of the whole vehicle dynamic performance.
Simulation Research on Vehicle Dynamic Performance at Different Elevations
Simulation tests the vehicle dynamic performance at different altitudes (0 m, 1000 m, 2000 m, 3000 m and 4000 m) on the environmental conditions shown in Table 3 according to GB/T20969.1-2007.
1) Maximum speed
In order to study the changes in the traction of cars, the stalls were set to gears 1st, 2nd, 3rd, 4th, and 5th. Figure 2 shows the driving resistance balance diagram at an altitude of 0 m. As the altitude increases, the change in the maximum speed is shown in Figure 3 . It can been seen From Figure 3 that as the altitude increases, the intake of engine decreases result in the deterioration of combustion, so the maximum speed gradually decreases, especially at an altitude of more than 3000 m, the maximum speed drops by more than 35.43%, the vehicle's power is severely affected, and the normal running of the vehicle cannot be guaranteed.
2) Start-up acceleration capability The Start-up acceleration capability is measured by the acceleration time of 0 -400 m. The shifting rules of the altitudes are kept same in the simulation process, switched from the 1st gear to the 5th gear in turn. The situation of the starting accelerations of the vehicle in situ is shown in Figure 4 .
The results showed that as the altitude increased, the on-site start-up acceleration time significantly increased while the power decreased significantly. At an 
3) Maximum grade
The climbing ability of a car refers to the slope that the car can climb when it overcomes the rolling resistance and air resistance on a good road surface to overcome the gradient resistance [5] . At this time, the acceleration is zero.
In the formula, F t is the maximum traction of the car, F f + F w is the running resistance, i is the slope, and G is the total weight of the car.
From the equation above, we can see that the maximum grade of the car is related to traction, driving resistance, vehicle weight and load. Assuming that the vehicle weight is constant, the traction expresses the most obvious effect on it.
Taking the maximum traction of 1st gear as the maximum grade of the vehicle, the maximum traction and running resistance at different altitudes are shown in Table 4 below. Substituting the data in Table 4 into the formula, the maximum grade of climbing at each altitude is shown in Table 5 .
The results show that with the increase of altitude, the maximum grade of climbing changes significantly. At an altitude of 4000 m, the maximum climbing degree of the vehicle is only 7%, which is a decrease of 41.67% compared with that of the zero altitude. Cars often have long uphill road conditions at high altitudes and cannot guarantee sufficient gradeability.
Turbocharged Power Recovery Scheme
According to the analysis above, the problem of the automobile in the high altitude area is mainly reflected in the decrease of the engine power, so this optimization mainly focuses on the engine power improvement. Compared with the plain area, the air density in the high altitude area is smaller, the quality of the air entering the engine cylinder is lower and the fuel combustion is more DOI: 10.4236/oalib.1104642 5 Open Access Library Journal F. R. Liang, L. S. Zhang insufficient, which results in insufficient engine power. Matching the turbocharger for the engine can increase the intake air volume and make the cylinder work normally, so as to achieve the purpose of restoring the engine power. Vehicle engine boosters include a mechanical booster system, an exhaust gas turbocharger system, and a combined turbocharger system. This article uses the exhaust gas booster system, and the booster module is added on the basis of the original model as shown in Figure 5 
Conclusions
In this paper, the GT-Power simulation software for vehicle performance is used to study the dynamic characteristics of a commercial vehicle at different altitudes and optimize its dynamic performance. The conclusions are as follows.
With the increase of the altitude, various dynamic indicators of automobiles show a downward trend, but the declines are different. Especially when over 3000 m above sea level, the vehicle's power deteriorates rapidly and it cannot meet the normal driving needs of the vehicle.
With the exhaust gas turbocharger system, all altitude performances have been improved, which can ensure the vehicle's plateau driving demand, but it is still affected by altitude.
